Introduction
============

As an organ with the largest distribution area in the human body, the skin can be studied systematically by means of multiple techniques at present, and the content has been fairly intensive. Currently, the differentiation and morphological characteristics of various types of skin tumors are thoroughly understood. However, a brand-new concept of immunoarchitecture has been proposed in recent years, which mainly refers to the structures of various types of tissues that can be marked and shown via immunohistochemical staining ([@b1-ol-0-0-9679]). Corresponding antibodies to varied organs to be labeled should be selected. For example, the markers of lymphocytes, vascular endothelial cells and mononuclear macrophages are generally utilized in research of immunoarchitecture of the lymphoid tissue ([@b2-ol-0-0-9679]). In case of studying the immunoarchitecture of the skin tissue, the markers of a variety of interstitial cells are adopted, of which cytokeratin (CK) is the most important type ([@b3-ol-0-0-9679]). Some scholars have discovered in their studies that CK can be considered as a specific marker of the epithelial cells. CK in a particular type of epithelium may be arranged in intermediate filaments according to certain rules, and such arrangement constitutes the CK composition type in the particular type of epithelium ([@b4-ol-0-0-9679]). A study of Damavandy *et al* indicated that different types of CK are expressed in different kinds of epithelial cells. In addition, different CKs are expressed in varied differentiation stages of the same kind of epithelial cells ([@b5-ol-0-0-9679]). Moreover, it was also discovered that CK expression in the epithelial cells may change due to different lesions occurring, but the specific CK composition type is not changed, and that corresponding CKs are still expressed in tumors with differentiation features of a certain epithelial structure ([@b6-ol-0-0-9679]). Therefore, selecting appropriate CKs to label the epithelium of the skin can identify the occurrence of tumors and determine the differentiation directions of the tumor components, which is conducive to diagnosing the histopathological classification of the tumors in clinical application.

Patients and methods
====================

### Patients data

A total of 132 patients with different kinds of skin adnexal tumors admitted and treated in the Department of Dermatology of Dongying People\'s Hospital (Dongying, China) from May 2013 to May 2015 were selected, including 38 cases of hair follicle tumor, 36 cases of sweat gland tumor, 30 cases of basal cell carcinoma, 24 cases of squamous cell carcinoma and 4 cases of adenoma sebaceum. The normal skin of 40 healthy adults was enrolled as the control group. The study was approved by the Ethics Committee of Dongying People\'s Hospital (Dongying, China) and informed consents were signed by the patients or guardians.

### Instruments and consumables

Paraffin section slicer (Leica Biosystems, Shanghai, China), paraffin embedding machine (Leica Biosystems), pathological image analysis system (Motic, Xiamen, China), light microscope (Olympus, Tokyo, Japan), ready-to-use and shortcut immunohistochemistry kit (Shanghai Bangyi Biotechnology Co., Ltd., Shanghai, China), kit for enhanced diaminobenzidine (DAB) development (Shanghai LMAI Biotechnology Co., Ltd., Shanghai, China), rabbit anti-human CK monoclonal antibodies (Proteintech, Wuhan, China), goat anti-rabbit secondary antibodies (Proteintech) and hematoxylin (Shanghai Xinfan Biotech Co., Ltd., Shanghai, China).

### Immunohistochemical staining methods

The skin in both the experimental case and control groups was fixed with 10% formaldehyde at 20°C for 24 h and then embedded in paraffin and then sliced to 4-µm-thick sections. After dewaxing and rehydration, the sections were washed with phosphate-buffered saline (PBS). Next, the sections were sealed in 5% milk at 20°C for 15 min, followed by addition of primary antibody solution polyclonal antibodies of CK7, CK8, CK10, CK14, CK17, CK18 and CK19 (dilution, 1:50; cat. nos. 17513-1-AP, 17514-1-AP, 18343-1-AP, 10143-1-AP, 17516-1-AP, 10830-1-AP, 10712-1-AP; Proteintech) for incubation in a refrigerator at 4°C overnight. After washing with PBS, the goat anti-rabbit secondary polyclponal antibody solution (dilution, 1:1,000; cat. no. SA00001-2; Proteintech) was added and incubated for half an hour, followed by washing again. After that, streptavidin-peroxidase solution was adopted for incubation at room temperature for half an hour, and then the sections were washed. Next, the enhanced DAB staining was performed for color development, and the sections were washed three times. After counterstaining with the hematoxylin solution, the sections were mounted with neutral balsam and then observed and counted under an inverted light microscope (Olympus).

### Evaluation of experimental results

A total of 100 cells were randomly counted in each field of vision to be observed, and the average number of cells in the field of vision was calculated as the number of positive cells expressing such proteins in the tissues. Score of color depth: 0 point (no staining), 1 point (weak staining) and 2 points (strong staining). Score of positive rate of stained cells: 1 point (proportion of positive cells of 1--25%), 2 points (26--50%), 3 points (51--75%) and 4 points (76--100%). The score of color depth was multiplied by the score of positive rate, and the final result of 0--2 points stood for (−), 4 points for (+), 6 points for (++) and 8 points for (+++). The rounded score was classified into the closest grade.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 19.0 software was adopted for data analysis. Chi-square test and t-test were performed for statistical analyses of enumeration data and measurement data, respectively. α=0.05 was considered as the test and statistical standard.

Results
=======

### CK expression levels in normal skin

CKs could be expressed in several parts of the skin tissues, such as epidermis and appendage. In this study, it was discovered that the expression levels of CK17, CK18 and CK19 existed in the basal cells of the epidermis, while the expression of CK10 was only detected in the prickle cell and granular layers. It was also indicated that in the processes of differentiation and maturation of the tissue cells in each skin layer, the molecular weight of CK was gradually increased. CK8 was not expressed in the epidermal layer of the sweat duct, and CK10 was not expressed in the duct portion and secretory portion. The molecular weight of CK was augmented with the gradual differentiation and maturation of the hair shaft ([Table I](#tI-ol-0-0-9679){ref-type="table"}).

### CK expression levels in epithelial tumors of the skin

CK10 was mainly expressed in squamous cell carcinoma, but it was not expressed in basal cell carcinoma. CK19 was expressed in basal cell carcinoma, but its expression was not detected in squamous cell carcinoma ([Table II](#tII-ol-0-0-9679){ref-type="table"}).

Massive CK10 and CK17 expression levels could be detected in the squamous cell carcinomas of the skin, lung and esophagus. However, CK7 and CK19 were not expressed in the squamous cell carcinomas of the lung and esophagus, and they were expressed in few cases of skin squamous cell carcinoma, with no statistical significance ([Table III](#tIII-ol-0-0-9679){ref-type="table"}).

Apparent CK14 and CK17 expression levels could be detected in a majority of hair follicle tumors, but CK19 was expressed in pilomatricoma, trichofolliculoma and trichoblastoma ([Table IV](#tIV-ol-0-0-9679){ref-type="table"}).

CK10 was rarely expressed in sweat gland tumors, and the CK expression levels varied in different portions. In papillary eccrine adenoma, the expression levels of CK7, CK17, CK18 and CK19 were mainly detected ([Table V](#tV-ol-0-0-9679){ref-type="table"}).

As shown in [Table VI](#tVI-ol-0-0-9679){ref-type="table"}, the quantities of cells with positive CK expression levels were different among different skin adnexal tumors. Moreover, the expression intensities of different types of CK varied in the same kind of skin adnexal tumors.

The differences in CK7 and CK17 expression levels in squamous cell carcinoma and basal cell carcinoma were not statistically significant. The expression levels of five types of CK (namely, CK8, CK10, CK14, CK18 and CK19) could be measured in squamous cell carcinoma and basal cell carcinoma. Statistical analysis revealed that there were statistically significant differences in the expression levels of these five types of CK in the two cell carcinomas (P\<0.05) ([Table VII](#tVII-ol-0-0-9679){ref-type="table"}).

The expression levels of CK10 and CK14 could be definitely detected in hair follicle tumors and sweat gland tumors, but the differences in the two types of CK expression levels in hair follicle tumors and sweat gland tumors were not statistically significant (p\>0.05). Five types of CK, i.e., CK7, CK8, CK17, CK18 and CK19, had markedly different expression levels in the hair follicle tumors and sweat gland tumors, which were statistically significant (P\<0.05) ([Table VIII](#tVIII-ol-0-0-9679){ref-type="table"}).

Discussion
==========

There are plenty of cytoskeletal protein components in the cytoplasm of mammals, and it has been manifested that the cytoskeletal proteins mainly exist in the cytoplasm of the epithelial cells, which are dominated by actin, tubulin and cytokeratin (CK) ([@b7-ol-0-0-9679]). CK, as a specific marker of the epithelial cells, can be divided into as many as 20 types according to its molecular weight. Furthermore, it can be classified into type I and type II, of which the former has a relatively low molecular weight and location at chromosome 17q12-21 and contains CK10-CK20. Type II CK possesses a higher molecular weight and is located at chromosome 12q11-12, and CK1-CK9 belong to type II CK ([@b8-ol-0-0-9679]). Dehner *et al* have demonstrated that CKs in specific epithelial cells as well as CKs in cells differentiating towards such epithelial cells can form intermediate filaments in the body, whose combination mode is the CK composition type of such epithelial cells ([@b9-ol-0-0-9679]).

The hair, sebaceous gland and sweat gland of human belong to the skin appendages. Most previous studies focused on the exploration of CK expression levels in various types of epithelial components of the skin, but there are great diffe-rences in the experimental results, and no consensus has been reached ([@b10-ol-0-0-9679],[@b11-ol-0-0-9679]). Since no studies have been conducted for the immunoarchitecture of the skin so far, such architecture still remains unknown. Lin *et al* ([@b12-ol-0-0-9679]) discovered that CK5, CK8 and CK14 can be expressed in the sweat gland tissues, while only CK5 and CK14, instead of CK8, can be expressed in the sebaceous gland. El-Khoury *et al* ([@b13-ol-0-0-9679]) revealed that different types of CK expression levels are present in different hair structures. For instance, CK15 expression exists in the hair bulb stem cells, CK1 and CK10 expression levels are present in the inner root sheath of the hair follicle, CK14 and CK15 expression levels are detectable in the outer layer of the outer root sheath, and CK6, CK16 and CK17 expression levels exist in the inner layer of the outer root sheath, which are consistent with the results of this study. In addition, according to this study, plenty of CK7, CK17, CK18 and CK19 expression levels were measured in the sweat gland, more expression levels of CK7, CK10, CK17 and CK19 were detected in the sebaceous gland, a relatively large amount of CK14 expression was present in the hair bulb stem cells, more CK7 and CK14 expression levels were observed in the inner root sheath, and more CK14 and CK19 were expressed in the outer root sheath. The above suggested that the CK expression profiles in various kinds of skin appendages in this study are wider than those in previous literature. Moreover, there were many overlapping CK expression levels, implying that the skin appendages may be generated, differentiated and maturated from the same tissue. They may be a category of derivatives of the epidermal stem cells, which differentiate towards different directions and finally form a variety of tissues and structures.

Jakobiec *et al* ([@b14-ol-0-0-9679]) applied CK15 expression to investigate the property of the adenoma sebaceum, and Andruszkow *et al* ([@b15-ol-0-0-9679]) utilized CK19 expression for differential diagnosis of the basal cell carcinoma and adenoma sebaceum. Furthermore, it is reported that CK expression levels can be used to diagnose clear cell hidroadenoma ([@b16-ol-0-0-9679]) and primary neuroendocrine carcinoma ([@b17-ol-0-0-9679]) clinically, suggesting that detection of CKs may be beneficial to diagnosing epithelial tumor of the skin. In this study, comprehensive analyses on the experimental results were performed by virtue of the semi-quantitative scoring method via immunohistochemistry, and the findings were in line with partial results of previous studies.

In conclusion, the expression levels of a group of CKs detected by virtue of semi-quantitative analysis via immunohistochemistry can be regarded as one of the important indexes for clinical diagnosis of skin adnexal tumors.
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###### 

CK expression levels in normal skin tissues.

  Items                         CK7   CK8   CK10   CK14   CK17   CK18   CK19
  ----------------------------- ----- ----- ------ ------ ------ ------ ------
  Epidermis                                                             
    Stratum corneum             ++    −     +++    \+     \+     −      −
    Granular layer              \+    −     +++    ++     ++     \+     −
    Superficial spinous layer   \+    −     +++    ++     ++     \+     −
    Deep spinous layer          \+    −     +++    \+     ++     ++     −
    Basal layer                 \+    \+    −      \+     ++     \+     \+
  Sweat gland                                                           
    Epidermal portion of duct   \+    −     −      ++     \+     +++    ++
    Dermal portion of duct      \+    \+    −      ++     \+     +++    ++
    Secretory portion           ++    \+    −      \+     ++     +++    +++
  Sebaceous gland                                                       
    Duct portion                \+    −     ++     ++     \+     \+     −
    Secretory portion           ++    −     \+     \+     \+     −      \+
    Basaloid cell               \+    −     \+     \+     ++     −      \+
  Hair                                                                  
    Hair shaft                  ++    −     +++    \+     \+     −      −
    Outer root sheath           −     \+    −      ++     ++     −      +++
    Inner root sheath           ++    −     \+     \+     ++     −      −
    Hair bulb                   −     −     −      \+     −      −      +++

###### 

CK expression levels in epidermal tumors (semi-quantitative scoring).

  Items                     n    CK7   CK8   CK10   CK14   CK17   CK18   CK19
  ------------------------- ---- ----- ----- ------ ------ ------ ------ ------
  Basal cell carcinoma      30   0     6     0      6      8      4      8
  Squamous cell carcinoma   24   0     4     6      4      6      4      0

###### 

CK expression levels in squamous cell carcinomas of the skin, lung and esophagus (positive cases/observed cases).

  Items       n     CK7    CK10    CK17    CK19
  ----------- ----- ------ ------- ------- ------
  Skin        24    2/24   24/24   24/24   2/24
  Lung          6   2/6    4/6     4/6     0/6
  Esophagus     8   2/8    8/8     6/8     0/8

###### 

CK expression levels in hair follicle tumors and adenoma sebaceums (semi-quantitative scoring).

  Items                      n     CK7   CK8   CK10   CK14   CK17   CK18   CK19
  -------------------------- ----- ----- ----- ------ ------ ------ ------ ------
  Hair follicle tumor                                                      
    Trichofolliculoma          4   6     0     0      8      8      0      8
    Pilomatricoma            18    0     0     0      4      9      4      4
    Trichoblastoma             2   0     4     0      6      6      0      6
    Tricholemmoma              6   0     0     0      6      6      0      0
    Trichilemmal carcinoma     8   0     0     0      8      8      0      0
  Adenoma sebaceum                                                         
    Sebaceous carcinoma        4   0     6     6      6      6      0      8

###### 

CK expression levels in sweat gland tumors (semi-quantitative scoring).

  Items                                         n     CK7   CK8   CK10   CK14   CK17   CK18   CK19
  --------------------------------------------- ----- ----- ----- ------ ------ ------ ------ ------
  Papillary eccrine adenoma                     10    8     0     0      6      8      8      8
  Eccrine spiradenoma                             6   8     6     0      0      0      6      6
  Clear cell hidroadenoma                         8   6     6     0      8      6      0      6
  Tubulopapillary hidroadenoma                    2   8     4     0      8      4      6      8
  Papillary cystadenocarcinoma of sweat gland     4   6     4     0      8      4      6      8
  Chondroid syringoma                             6   6     4     4      6      0      0      4

###### 

Quantities of cells with positive CK expression levels in epithelial tumors of the skin.

  Items                                           n     CK7      CK8      CK10     CK14     CK17     CK18     CK19
  ----------------------------------------------- ----- -------- -------- -------- -------- -------- -------- --------
  Basal cell carcinoma                            30    −        Medium   −        Medium   Large    −        Medium
  Squamous cell carcinoma                         24    −        Small    Medium   Small    Medium   Small    −
  Sweat gland tumor                                                                                           
    Papillary eccrine adenoma                     10    Large    Medium   −        Medium   Medium   Large    Large
    Eccrine spiradenoma                             6   Large    Medium   −        Large    Medium   Medium   Medium
    Clear cell hidroadenoma                         8   Large    Large    −        Large    Large    Small    Large
    Tubulopapillary hidroadenoma                    2   Large    Medium   Small    Large    Medium   Medium   Large
    Papillary cystadenocarcinoma of sweat gland     4   Large    Medium   −        Large    Medium   Medium   Large
    Chondroid syringoma                             6   Medium   Medium   Small    Large    Small    Small    Medium
  Hair follicle tumor                                                                                         
    Trichofolliculoma                               4   Medium   Medium   Small    Large    Large    Medium   Large
    Pilomatricoma                                 18    −        Small    Small    Medium   Large    Medium   Medium
    Trichoblastoma                                  2   −        Medium   Small    Large    Medium   −        Medium
    Tricholemmoma                                   6   Small    Small    Small    Large    Large    −        Small
    Trichilemmal carcinoma                          8   Small    Small    Small    Large    Large    −        Small
  Adenoma sebaceum                                                                                            
    Sebaceous carcinoma                             4   Small    Large    Medium   Large    Medium   Small    Large

###### 

Comparison of CK expression levels in squamous cell carcinoma and basal cell carcinoma of the skin.

  Items                     n    CK7          CK8          CK10         CK14         CK17         CK18         CK19
  ------------------------- ---- ------------ ------------ ------------ ------------ ------------ ------------ ------------
  Squamous cell carcinoma   24   0.41±0.816   3.84±0.269   6.95±1.275   4.26±0.805   7.97±1.372   4.06±0.281   0.35±1.093
  Basal cell carcinoma      30   0.39±0.749   5.93±1.148   0.34±0.742   6.43±1.296   8.42±1.592   0.23±0.741   7.92±1.505

###### 

Comparison of CK expression levels in hair follicle tumors and sweat gland tumors.

  Items                 n    CK7          CK8          CK10         CK14         CK17         CK18         CK19
  --------------------- ---- ------------ ------------ ------------ ------------ ------------ ------------ ------------
  Hair follicle tumor   38   0.94±1.842   0.83±1.375   0.15±0.642   5.70±2.814   8.04±1.592   2.14±2.104   3.18±2.748
  Sweat gland tumor     36   7.38±2.104   4.28±1.895   0.14±0.695   5.66±3.104   4.89±2.485   4.28±3.185   7.23±1.596
